Idiopathic intracranial hypertension (IIH) can occur at all stages of life irrespective of sex but has a predilection REVIEW ARTICLE
Abstract
Idiopathic intracranial hypertension (IIH), also known as benign intracranial hypertension or pseudotumor cerebri, is characterized by increased intracranial pressure secondary to unknown causes. IIH affects both adults and children but predominately young obese females of child-bearing age. IIH gives rise to headache, visual disturbances, and symptoms of raised intracranial pressure. The pathophysiology of IIH remains elusive; postulations include obesity-related hormonal changes, obstruction of the central venous sinus, and hereditary causes. Diagnosing IIH is based on modified Dandy criteria. Diagnosis in children is challenging as symptoms and presentations vary; atypical and delayed presentations are not uncommon. Treatment for IIH includes oral acetazolamide or lumbar puncture; surgical treatment with shunts and optic nerve sheath fenestration is reserved for complicated and recurring cases. Treatment options for children are limited and associated with considerable risks and side effects. Vision loss is debilitating and occurs in 10% of IIH patients. A thorough and collaborative approach in managing IIH is needed. This study reviews the epidemiology, clinical presentation, diagnosis, and management of IIH in adults and pediatric patients. towards obese females. 1 The annual incidence of IIH is 0.9 cases per 100,000 people and 3.5 cases per 100,000 obese females of child-bearing age. 2 The incidence of IIH in Asians is lower. In a Japanese cohort, the incidence of IIH was 0.3 cases per 100,000 people per year. 3 The incidence in Chinese is not well studied but is believed to be infrequent. 4 Observational studies have shown a direct relationship between increased body mass index and the risk of IIH. 5 The incidence is expected to increase with the global obesity epidemic. Patients with recent weight gain of 5% to 15% have a higher risk of developing IIH than those with stable weight. 5 About 10% of IIH patients are men who are usually diagnosed a decade older than women. 6 Black patients seem to have a worse vision prognosis than whites. It is unknown whether Asians have the same risks of developing IIH as other races. 7, 8 Childhood IIH occurs most frequently after puberty. 9 Prepubertal IIH is uncommon and is rare in neonates and preschool children. The estimated incidence of childhood IIH is 0.8 cases per 100,000 children. In Hong Kong, the incidence was 0.78 case per 100,000. 10 These figures are probably underestimated because of selection bias and diagnostic problems. Post-pubertal IIH patients are mostly obese females, whereas pre-pubertal IIH patients are usually non-obese, with males and females equally affected. 11, 12 A retrospective multicenter study of pediatric IIH using anthropometric parameters identified 3 subgroups of patients: young children (girls aged <7 years and boys aged <8.5 years) who were not overweight; early adolescents (boys and girls aged 7-12 years) who were taller and overweight; and late adolescents (boys and girls aged ≥12.5 years) who were overweight. 13 It is unclear whether these 3 subgroups represent natural progression of pediatric IIH or distinct subgroups of disease with different pathophysiology. The association of adiposity and increased linear growth acceleration in post-pubertal, early and late adolescent IIH patients echoes that of adult IIH cohorts. Contributing factors other than adiposity have yet to be determined. Nevertheless, the overall trend in childhood obesity and metabolic syndromes may increase the incidence of pediatric IIH.
Pathophysiology
The association between obesity and IIH is indisputable, although its exact mechanism remains poorly understood. Observational and epidemiological studies have described a possible association of increased intracranial pressure (ICP) with abnormal vitamin A metabolism. Theory related to hypervitaminosis A and IIH is conflicting. It is speculated that raised vitamin A level in cerebrospinal fluid (CSF) reduces brain water absorption by increasing all transretinoic acid gene expression at arachnoid granulation cap cell, ependymal and glial cells. 14 Although earlier reports revealed raised retinol level in CSF of IIH patients, the recent Idiopathic Intracranial Hypertension Treatment Trial (IIHTT) reported that CSF vitamin A toxicity was an unlikely contributing factor. [15] [16] [17] The research focus of IIH has shifted to consideration of adipose tissue as an actively secreting endocrine organ. 18 Adipose tissue-derived retinolbinding protein and cytokines like leptin are elevated in obese individuals. 19, 20 It is unclear whether the presence of such metabolites has a role in IIH development, but their identification may provide information about disease pathology.
Intracranial obstructions relating to impaired venous drainage is another pathophysiology of IIH. Observational studies have displayed distal narrowing and stenosis of the transverse cerebral sinus in most IIH cases. [21] [22] [23] [24] Venous sinus stenosis may induce a cycle of venous outflow obstruction, venous hypertension, reduced CSF absorption, and subsequent raised ICP and further compression to the venous system. 1 It is not known whether this anatomical finding is incidental, causal, or secondary to raised ICP. Transverse venous stenosis is also found in some patients without IIH and may have no functional significance. 25 Regardless of the cause, endovascular stenting at the site of transverse venous stenosis has shown to reduce venous congestion, improve CSF absorption, and reduce ICP. 26 It remains debatable whether the presence of transverse sinus stenosis affects the natural history and prognosis of IIH.
Certain medications (such as oral contraceptive pills, tetracycline, danazol, tamoxifen, lithium, cyclosporin) and a history of polycystic ovary syndrome have been proposed to cause IIH but the evidence is limited owing to small sample sizes. [27] [28] [29] Other factor includes CSF homeostasis involving mutation of the aquaporin-4 channel that controls brain water movement via transmembrane osmotic shift. 30 Magnetic resonance spectrometry with metabolic profiling of CSF in IIH has been used to observe pathophysiological mechanisms. 31 There is still no unifying pathophysiological explanation, and further studies are required.
Clinical features
Symptoms of raised ICP are commonly present in IIH. Headache is documented in 62% to 91% of patients and is characterized by frontal, severe, pulsatile pain that is worse when lying supine or aggravated by Valsalva maneuver during early morning. [32] [33] [34] Often mistaken as migraine, IIH can also be confused with tension headache and analgesic-related headache, except that IIH headache is continuous. In a large prospective cohort study, headache was the most common presentation (89%). 35 This can be further complicated when IIH headache is superimposed on headaches of other origin. Reduction of Headache Impact Test -6 score corresponds to disability related to IIH headache. 36, 37 Visual abnormalities are often the sole complaint in IIH. Visual field defect is present in 80% to 86% of patients. 35, 38, 39 Blind spot enlargement is the most frequent symptom (80%), followed by peripheral arcuate defects (72%) and constrictions (54%), associated with nerve fiber type damage and depressed perimetric mean deviation visual field sensitivity (-7.7 dB). 39 This finding is echoed by the IIHTT. 35 Visual acuity loss is usually minimal and is unaffected early in the course. Studies have reported diminished visual acuity (logMAR ≥0.2) in 17% of patients and abnormal color vision (<5 out of 6 in Hardy-Rand-Rittler charts) in 14%. [39] [40] [41] Permanent visual field loss is uncommon. 42 Transient visual obscurations, characterized by amaurosis lasting for half a minute, occur at a mean of once per month. It is non-specific to IIH and is unrelated to the presenting visual acuity or final visual outcome, although it might represent transient central retinal artery compression. 35 Other ophthalmic symptoms include reduced color vision (thought to be a result of papilledema) 40 and pulsatile tinnitus (probably caused by turbulent flow from the venous stenosis over transverse sinus), 43 which occurs in 60% of IIH patients on alternate days bilaterally. 35 Other symptoms include vomiting, retrobulbar pain, photophobia, radicular tenderness over the neck and shoulders, and diplopia. 35 IIH is often diagnosed incidentally in the absence of symptoms. Papilledema is a hallmark in the diagnosis of IIH. The degree of optic disc swelling is graded according to the Frisen scale where grade 0 is normal disc, grade 1 is very early papilledema, grade 2 is early papilledema, grade 3 is moderate papilledema, grade 4 is marked papilledema, and grade 5 is severe papilledema. 44 Early papilledema is most frequently seen (33%). 35, 39 Typically occurring in both eyes, unilateral papilledema and IIH without papilledema have been well described in adults. 45, 46 They are often accompanied by optic disc changes such as hyperemia of the optic disc and absent spontaneous venous pulsations. The etiology of unilateral cases is unknown. Optical coherence tomography has been used to measure the peripapillary average retinal thickness to identify subtle disc swelling. 47 Nonetheless, its role in children has yet to be evaluated, as reference for pediatric parameters is lacking. Relatively low intraocular pressure in the eye has been reported to predispose to retrolaminar hypoperfusion and result in disc swelling. 40, 45 Nonetheless, a case series demonstrated no significant intraocular pressure difference between papilledemic eyes. 39 Papilledema tends to resolve after 3 to 6 months of therapy. 48 Very infrequently IIH patients go on to develop optic atrophy as a result of long-standing papilledema and disease progression, and thus afferent pupillary defect is uncommon (5.4%). 35, 39, 49 Decreased abduction related to raised ICP may be present. 50 Choroidalretinal folds and macular edema are rare. 45 In children the symptoms are generally similar. Patterns in adolescents are akin to those in adults. Young children have different presentations. Headache is often intermittent and episodic rather than continuous. 51 Verbalizing symptoms of headache can be difficult because of non-specificity and misinterpretation as dizziness, neck and shoulder tenderness, or generalized fatigue. Differentiating IIH headache from intracranial neoplasm is by exclusion only. Brain tumor headaches tend to be nocturnal, deep aching, intermittent, and upon rising. 52 Other suspicion of pyramidal neurological deficits should indicate a diagnosis of central etiology.
The pattern of field defect is similar and occurs in 91% of pediatric patients. 32, 38, 53 Nonetheless, expression problems may delay detection of symptoms, and some patients may compensate field loss by head tilt and accommodation. Up to 6% to 20% of children present with visual acuity loss. 33, 38, 54 Other visual complaints include photophobia and transient vision loss described as 'shimmering lights with colored centers'. 34 The pattern of papilledema is similar to that in adults. Care should be taken to differentiate papilledema from disc swelling secondary to infective causes, ischemic optic neuropathy, demyelination, pseudo-papilledema such as congenital dysplastic disc or Leber hereditary optic neuropathy. Some children with IIH may present without papilledema, 46 with an estimated prevalence of 5.7%. 55, 56 In infants <18 months of age, a patent fontanelle or open sutures may have contributed to the absence of papilledema. 54, 57 In older pediatric patients, optic nerve sheath abnormalities have been hypothesized. In any case, the absence of papilledema tends to give a better visual outcome. 58 Proptosis secondary to chronic raised ICP has been described in adults but has not been observed in IIH pediatric cohorts.
Diagnostic challenges
The modified Dandy criteria is the gold standard for diagnosing IIH. 59 It comprises 4 key elements: (1) the presence of signs and symptoms of increased ICP (headaches, nausea, vomiting, transient visual obscurations, papilledema), (2) the lack of localizing focal neurological signs except unilateral or bilateral abducens nerve paresis, (3) CSF opening pressure of ≥25 cm H 2 O but without cytological or chemical abnormalities, and (4) neuroimaging adequate to exclude cerebral venous thrombosis. When IIH is suspected, clinicians should collect a thorough medical history of the patient, particularly the onset and characteristics of raised ICP symptoms, relevant drug history, followed by detailed documentation of their visual acuity, color vision, fields, ocular motility, pupillary examination, slit lamp and fundal examination, and neurological examination (Figures  1 and 2) . Visual field testing should also be performed if permissible. Humphrey 30-2 (Swedish interactive thresholding algorithm) is preferred over 24-2 for improved sensitivity. 56 This should be followed by imaging of the head to exclude a secondary intracranial cause, and confirmed with diagnostic lumbar puncture for opening pressure. It is also advisable to perform ocular coherence tomography for the optic disc and retinal nerve fiber layer and repeat it at intervals for serial monitoring.
There are limitations to these diagnostic criteria in adults and children. The symptoms should only reflect those of raised ICP or papilledema. Headache, double vision, and pulsatile tinnitus represent typical symptoms of IIH. Less typical symptoms such as neck, shoulder radicular pain or diplopia should be handled with caution. Non-specific symptoms such as nausea, vomiting, and photophobia may exist. Transient visual obscuration and visual field loss may only be exhibited in the presence of papilledema. When early central visual field loss is encountered without signs of chronic papilledema, other causes such as inflammatory optic neuropathy should be considered. When seizure, focal neurological complaints, or encephalopathy are involved, central etiologies should be suspected.
The diagnosis of IIH can be established even if the patient is asymptomatic but exhibiting relevant signs. Atypical signs include third nerve palsy, intranuclear ophthalmoplegia, squint, and meningism. 59 These should indicate the diagnosis of intracranial neoplasm, subacute meningoencephalitis, central sinus thrombosis, or venous infarction other than IIH. 60 There are reports describing diagnosis of IIH without signs of papilledema. Caution should also be taken for possible anatomical variance of optic nerve head vasculature, optic nerve sheath abnormality, and pre-existing glaucomatous optic neuropathy.
Accurate measurement of raised ICP could be challenging in patients with IIH. Diagnosis of IIH requires a lumbar opening pressure of ≥25 cm H 2 O with the patient lying in the lateral decubitus position with legs extended to eliminate Valsalva maneuver. 61 Typically the mean CSF pressure in IIH is raised at 35 cm H 2 O and has no sex or weight predilection. 56 ICP of 20-25 cm H 2 O is considered undiagnostic. 62 Lumbar puncture should be repeated in highly suspicious cases owing to the dynamic nature of ICP. 63 Adequately excluding secondary causes of intracranial hypertension is important. Computer tomography remains the first line of investigation to exclude hydrocephalus and space-occupying lesions. Magnetic resonance imaging (MRI) with contrast may be superior in the detection of specific IIH changes and to exclude leptomeningeal infiltration and isodense tumors. Emerging evidence has shown that IIH exhibits specific radiological signs: (1) flattening of the posterior pole of the eyes, (2) dilatation and tortuosity of the optic nerve sheaths, (3) empty sella turcica, and (4) stenosis of one or both transverse cerebral venous sinuses. 1, 64 When interpreting images, it is important to differentiate central venous sinus thromboses from transverse venous stenosis, which is more specific to IIH. There is no consensus on routine screening with MRI. When uncertain, MRI venogram should also be used. In pediatric patients, MRI is the choice for diagnosing IIH, although issues with sedation, contrast allergy, renal impairment, and presence of an implanted medical device may preclude its use. In addition, secondary causes of raised ICP should be ruled out, such as Addison's disease, obstructive sleep apnea, pulmonary hypertension, and medications such as contraceptives. MRI should also be used in 'atypical' patients: males, non-obese, elderly, or prepubertal children. [65] [66] [67] Diagnosis in children is also based on the modified Dandy criteria, but application of adult-derived criteria to all age groups is disputable. Children present a different spectrum of diagnostic challenge owing to non-specific complaints and variability in symptoms, and they may articulate insufficiently. This may explain why children have more visual damage because of delayed diagnosis. Pediatric patients may exhibit atypical signs such as cerebellar and long-track signs that mimic a posterior fossa spaceoccupying lesion. This may be further complicated by behavioral changes such as head banging and generalized non-specific irritability or solemnness. 46 The norm and cut-off opening ICP that satisfies the diagnosis of IIH in children are difficult to determine. ICP varies with age: 8.2 cm H2O represents a normal opening pressure in infants, slowly increasing to 18 cm H 2 O in children aged 8 years, eventually reaching an upper limit of 20 cm H 2 O in children >8 years old. 68, 69 In 2010, a diagnostic ICP for IIH was proposed: an opening pressure of >20 cm H 2 O in children <8 years old and >25 cm H 2 O in those >8 years old. 55 Nonetheless, a false high opening pressure may be observed in crying children or anxious patients. Lumbar puncture under light sedation is recommended. Fluctuations in ICP should be taken into account and a child may not meet the diagnostic ICP. 63, 70, 71 In cases of a high suspicion of IIH, a second opening pressure may be necessary. In rare circumstances a lumbar drain with a transducer has been used for monitoring. 72 The onset of symptoms should also be considered. Patients with rapid onset or fulminant progressive deterioration should raise a concern for cerebral vasculopathy. Nevertheless, conditions that masquerade as IIH should be ruled out. Conditions previously thought to be associated with IIH such as medications (oral contraceptive pills, retinoids), lupus, and vasculitis are now believed to be related to venous sinus thrombosis rather than IIH as a result of hypercoagulability. 73, 74 If in doubt, ocular retinal nerve fiber layer scanning may pick up subtle changes in the optic disc. 47, 75 Serial fundus photographs and fluorescent angiogram can also be used.
Figure 1. 51-year-old woman with chronic hypertension presented with a 1-month history of progressive right-sided blurred vision, headache, and visual obscuration associated with tinnitus without apparent causative factors. She had a sthenic body habitus and was overweight (body mass index, 24.4 kg/ m 2 ). A diagnosis of idiopathic intracranial hypertension was made based on the Dandy criteria. She was prescribed acetazolamide 250 mg twice daily and was advised to loss weight. Three months later, her body mass

Treatment
The goals of managing IIH are vision preservation and alleviation of symptoms. Weight loss remains crucial as the first-line and long-term management and its effects linger. The trend of weight control is an indicator for recurrence of disease. A weight loss of 5% to 10% results in control of symptomology, signs, and ICP. 76 Other weight-control methods such as dietetic strategies (low salt, low calorie diet), exercise regimens, and bariatric surgery could be considered. 1, 77 Treatment of endocrine and metabolic morbidities such as obesity and diabetes may have dual effects of weight reduction and theoretic alteration of homeostasis of ICP. Lumbar puncture is indicated for diagnosis and treatment, and is usually the first attempt for symptom relief. 78 This mode of therapy can have a lasting effect for a few months to years, with some patients requiring only one treatment. Patients with persistent symptoms and signs usually undergo serial lumbar punctures.
In patients whose visual function is impaired, medication such as acetazolamide can be prescribed in parallel. Acetazolamide, a carbonic anhydrase inhibitor, can reduce cerebral fluid production. Combination therapy with a carbonic anhydrase inhibitor and weight loss is efficacious. The multicenter, double-blind, randomized controlled IIHTT showed that the use of acetazolamide with a low-sodium weight-reduction diet resulted in modest improvement in visual field function and papilledema grade at 6 months compared with diet alone. Nonetheless, the long-term effects and functional correlation of visual field improvement are unknown. The recommended dose condition affecting chromosomes 7 and 11) , which is characterized by short stature, triangular face, clinodactyly, hemi-hypertrophy, hypoglycemia, and failure to thrive.
of acetazolamide for adults is 1-2 g/day in divided doses, titrated to a maximum dose of 4 g/day. 79 In pre-pubertal children, the dose is started at 15-25 mg/kg/day and titrated to a maximum dose of 100 mg/kg/day. 58, [80] [81] [82] Postpubertal children are generally treated with an adult dose. 83 Dose of acetazolamide can be up-titrated as long as it is required and clinically tolerated. Nonetheless, sole use of acetazolamide achieves varying success, and its efficacy in children remains unknown. Moreover, the side-effects of acetazolamide include hypokalemia, metabolic acidosis, development of renal calculi, transaminitis, pancreatitis, and failure to thrive in long-term use. 48 Mineralocorticoid, in the form of methylprednisolone at 15 mg/kg, is another treatment option for acute vision loss. 84 Intravenous injection at a high dose can be used for severe vision loss and to delay surgical treatment. 85 In children, methylprednisolone can be prescribed at 2 mg/kg/day for 2 weeks and tapered over 2 weeks. Other oral medications such as topiramate, zonisamide, octreotide, mannitol, and frusemide can be used when other medications are contraindicated. [86] [87] [88] There is no consensus on treatment duration. It has been suggested that medications be continued until visual function and symptoms have stabilized for at least 6 months. 89 Headache usually resolves in response to lowered ICP. Long-term headache can be treated with breakthrough analgesic such as acetaminophen, non-steroidal anti-inflammatory agents or prophylactic agents such as propranolol, amitriptyline, topiramate, and valproate. It is important to be alert for analgesic headache and rebound headache. Non-steroidal anti-inflammatory agents should be avoided in children for fear of Reye's syndrome. 90 Resistant cases invariably require surgical treatment.
Surgical intervention (optic nerve sheath fenestration [ONSF] and CSF shunting) is recommended in fulminant and intractable cases where vision loss is imminent. 85 ONSF is the treatment of choice in cases with acute deterioration in visual function alone. 91, 92 ONSF can be performed medially or laterally through incision of the arachnoid dura via a transconjunctival orbitotomy approach. ONSF may stabilize visual acuity, visual field, reduce papilledema and headaches. [91] [92] [93] Bilateral stabilization of visual function after unilateral ONSF has also been reported. 94, 95 Adverse effects of ONSF include permanent vision loss, pupillary dysfunction, and recurrence. Up to 12% to 33% of cases demonstrate vision improvement initially but deterioration later. 96, 97 In patients with intractable headache and acute progressive vision loss, CSF drainage using a ventriculo-peritoneal shunt or lumbo-peritoneal shunt is preferred. CSF shunting can halt progression of vision loss and is the most widely performed surgery for IIH. 98-100 Current evidence does not suggest superiority of one procedure over another. Nonetheless, ventriculo-peritoneal shunts have a higher failure rate, whereas lumbo-peritoneal shunts need more revision. 101 In addition, CSF shunting is associated with risks of infection, intracranial bleeding, and acquired Chiari malformation. 98 The long-term outcome of visual function has yet to be determined.
Endovascular stenting also improves symptoms and preserves vision in selected cases of transverse venous stenosis by reducing venous pressure and ICP. 26, 102 Placement of the stent over the distal transverse sinus or transverse-sigmoid sinus junction is followed by dual antiplatelet therapy for 6 months, and then aspirin for 1-2 years. Nonetheless, it is associated with serious complications such as in-stent migration, restenosis, subdural hemorrhage, and infection. 26, 102 Given its risk and morbidity, endovascular stenting should be offered only to cases of profound vision loss, fulminant symptoms where medical treatment has been exhausted and when ONSF and CSF shunting are contraindicated.
Management in pediatric cases is mostly medical. Most pediatric patients respond to initial lumbar puncture at diagnosis. 89 Serial lumbar punctures are often unwelcomed owing to the associated pain and need for admission, sedation, and monitoring. 103 The current first-line treatment with carbonic anhydrase inhibitor is acetazolamide. The problems with long-term carbonic anhydrase inhibitors are electrolyte imbalance, failure to thrive, and renal calcification. All can be further complicated by noncompliance. The treatment duration should be the same as for adults. Substitution with frusemide or topiramate may be needed when acetazolamide is ineffective or contraindicated. Weight control remains the long-term goal as for adult IIH patients. 104 Rarely surgical options are applied in children with severe headache and fulminant visual function deterioration. ONSF and CSF shunting have shown varying success. Problems related to children specifically in lumboperitoneal shunting are shunt migration, mechanical fracture, and obstruction due to longitudinal growth of the spine. 98, 105 Experience in stenting of a transverse venous stenosis in pediatric patients is lacking. Surgical procedures for pediatric IIH should be limited to selective patients.
Prognosis
Permanent and severe vision loss has been reported in 6% to 9% of adults and 10% of children with IIH. 12, 33, 53, 106, 107 The incidence of blindness secondary to IIH is approximately 1% to 2%. 108 The degree of obesity is proportional to the amount of vision loss. 109 Other visual complaints such as transient visual obscurations, papilledema, duration of symptoms, and presence of cranial nerve palsies are not associated with worse visual outcomes. 43, 50, 110 In a few patients, symptoms of headache persist even after management of raised ICP. 111 The rate of recurrence of IIH is 8% to 10% in adults and 6% to 22% in children. 12, 33, 53, 71, 112, 113 Recurrence typically occurs within 2 to 5 years of diagnosis, with no sex predilection. Multiparous women seemed to have more recurrence. 39 Changes in visual acuity and field are usually the chief complaint in recurrence and typically occur in those who lose weight initially and regain thereafter. 109, 114 Weight control is predictive of recurrence. 109 A weight gain of 6% is associated with recurrence. 114 Obesity in pre-pubertal children increases the rate of recurrence five-fold. 115 Strict weight management is therefore imperative to minimize 
Conclusion
IIH is an uncommon neuro-ophthalmological entity that may result in permanent visual disability. Recognition of clinical symptoms and the use of imaging modalities are essential in diagnosing IIH and excluding secondary causes. Pediatric cases are rare and diagnosis remains difficult owing to variability of symptoms and non-specificity. Diagnosis in atypical patients such as males and non-obese patients should be made with caution. Treatment options include weight loss, lumbar puncture, and acetazolamide. Surgery is reserved for refractory cases. Most visual acuity and field loss are mild and reversible but depend on weight control, recurrence, and timing of diagnosis. The trend of IIH is expected to increase due to the global endemic of obesity. The management of pediatric and adult cases are different and should be individualized.
